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iL^ ^#£]J1 J^^ofl ^Ej^o] ^Eflo] Aj-tL T^*}-, %7) 7]^r 

% ^7} ^ tiVH^l 7l^o11 cg^^ v} 7 ) ^ ^ 31 ^7) ^ 

71 -I: ^ ^-71 ^ 7^ Afo]^ ^^^O.S ^H^l $\t& ^^l" 

*}^M tfltb ^d^^AS ^#1" ^7> 

5. 1 

[A^OIOI] 

4^7}^. ^Ej, 4^^-^, °1^7l^- ( nl^]7l^^^Al^^ 
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^*£A¥L % 32jB] ^ zl ^1 2: {Tunable wavelength optical filter and method of 
manufacturing the same} 

£ 2 ifl^l £ 19^ Sflti ^<5] ^§-*§ 4^7>^ # *fl2:SRr tt o Vl £ 

100: ti>£^l 7l3Sr 102: t^Sr^ 
104: *fll ^>5r^ v 116: *fl2 $ 

106, 110, 114, 118, 122, 126: 
108a, 112a, 120a, 124a : 

130: #^4r 7fl^ 140, 142: ^q-sfliE. 

150: 7\^r 155: S^l iE^r 

160, 162: 164: ^1Jl% 

180: Tl-i: 182: #4 7i^ 
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^7V^ # ^E^l ^ ^Hi}. 
> «K£*ll ^-^7]^4g- ^-Tl^-S. s}^ n]^7l^^^^l^^ (Micro Electro Mechanical 

System; °l^r 'MEMS'^ *}-) 7l# ^ ^(Wavelength Division Multiplexing; 

WDM)* % ^ *I|*M££ % f^J^H -fr-MSr ^JSLS., ^ ^ *fl 

4# q-^s}- ^i^^ 0.5. ivfl^l # Ai 4^<^1^ ^eH^ <y§^ # 

xijr-g. #^AlJiS. £:Bl*Hr 7}^. ^] ^ (dynamic) WDM ^ 

^ ji^o.^ ^Mfe 4#7r^ % ^ °1» 

^^}7] <f\i& ^7}&L ^ ^7}^ ^^\7}^)7} *\]9}S\JL ftSLi* & 

*1 7flS.S.^ ^ ^ 3fltLB}-3xfl5KFabry-Perot; FP) ^1^^ 2^Hr 
tf*i$(Piezo-electric transducer) , -g-#^ g A}-g-7fliL£q #^3 

Ir^^AS. 9m -g-fMl tr3l7> sat}-, ^tb, # °l-§-*b *r*Ml31l 

(Mach-Zender) * *>H*fl ^lt^l * 514^ g ^^^l* ^l^HH 

^ oi^ 7 >^m, ^27} ^-^Kn. aflaM #33 -i: 7>^r}. o]e^ 

j^E-) ^^-i]^- 7fl^d^>7l -§-^H7> ^HL^ WVS J1) tiV£*fl ^7l#S*l 

ol -g-o}^ MEMS^ ^2:^1 4^7>^ ^7} ^l^Jl 5M. 
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M tf-M-^M 91^ FP #-S-fHI 4^*1 *M"1 11 

SIM ^ (Fiber Bragg Grating) ^2:^ 7}*!^^- 7^^517} msec ^^-S. -S^M- 7> 

^^o.^ ^ MEMS^ 7>^^E^ ^ p>o13.^(jWs) °l*r^ -g-^514 lOOnm ^5. 
o) 7]-^rfl^ 7P§^H ^fl^ W^l 7>^>cf. ^-^4 ^7fl *il 

o>^j7 &i=. 7m 741^21 MEMS^ 7>€ 711^^4 3tfl7l^ 7^ ^ 

^E)S ^o) o. ^. ^ t^o] olcf. 

[^o| ol^J17> 7]^^ 4*H1 

5> ^ ^O] o]=J17} ^ 7l^^ 4*flfe ^5r^ cf^nv 

°W>\$. ^« sfl^El-3fl^(Fabry-Perot) ¥^ *W 7 > 

€ % ^E|» Til^-^] $£4. 
6> ^oj ol^7> 5 r fe 71^3 #3^ ^£^1 ^ 7l#^r 

# ^E^ ^^V^ *H^W $M. 

17> #7l 71^^ 4*H» ^^>7l ^ * ^51-^^ £*>*|O.S 

^ ^^5]J1 3|#Jf4| ^E]^^o] ^Bfl5l ^ 7ll;4, ^ 

^Efl^ #j=L ^ #71 7]-i; *J #7l #-^ 7^ ** *>5i^ 7l #«fl «S^*H 

^1^1^71 ^ ^ ^ #71 *}3f 71* £ #71 #J?- 71* A>ol^ Ti^-i; 
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^ofl Tl^r^- 7] W ^1 3^3 %^*Kr #31^, (b) *fll 

5)^ AVSj-nV ^Vofl £^^o] ^^1^^- ^ 7^ o. cg<^ o. A>^.B| °- 

^ 4~ ^^^zl, ^e]§^i 3^«H ^ *g^Kr #31^1-, (c) # 

7l #°fl ^2 s)^ #s^^r ^^Hr ^741^, (d) ^7l s)^ #3-^ SL^i^ 

$] Ajej^nm aV*L 7^^-ir «§^*Kr ^r^l^, (e) #7l tiVS^fl 7}&$] 

ai^H ^-B- ^°^-ir W 7fl^* *§^*Kr (f) ^"71 ^ T^-fr g ^71 

^.w ^ ^g. ^l^*>7l ^^-21)^1- ^*Rr (g) ^"71 71 

o. ^ ^Jf ^ o.o] AJ-7] laV^^ 7^ nfl^Bl ^ Efll- £5=^- #7] *}^f 7] £ ^ #7l 
^ 7|.o.c>) ^^o. ^ >7l 3^ ^J^oj ^#£]7fl £^ ^4*Rr #31 ^ (h) ^7l 

^j=L 7^ o.^ AVtL 7^ AVolofl # ^ ^71 ^ Tl-frOl # 7 1 # 

51*11 7W1 ^-^i^ *M ^"71 *fll ^ ^71 *fl2 ^ 

L9> SE^b, ^"71 71^^ 3^1-1- ^*>7l Sl^M <^H °W ^T^^r, (a) 

tiVH^l 71^1 7l^r# ^-^^7]7l 5]^ ^2)-^-ir ^7^1^, (b) ^ S\ $ 

aVS)-^ ^-^1 H^^^ ^^^^ ^ 7]^ 
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*\%-s}JL, SL&^S) ^« 3^«Hr #31^, (c) 

#71 «V£*fi 71^ W 7ti^f» *§^«Hr QA$r, 

(d) A o v 7l 7^ #3^- ^^^^.S ^1^^1-71 ^ ^^sflH.» ^*H= ^1^, (e) 

^7) 7]ir°] ^fl» ^-5-^- A o V 7] 7]^- ^^^^ A oM 

Sj^ AV^uVol t #E]7ll ?H ^SKr &7\) ^ (f) A oM 7]-$r°] <$ 7 } 7)^) 

tfl^l ^"71 (f) 7^ «V£*ll 27fl §til^>JL, #71 tiV£*fl 7l ^ T^o] *\ 

c20> o]f>} t ^Jf 51 i^-i- ^ ^ofl rcj-s. u>5J-3l*V ^aH1» 4Ml*>7fl -M^^V 

mj-^o] oisflsq^a. 7 M ^ ^Efl^L *r & , 

M. ^tgo} «^ 7 > 7l#£l^ ^M^r ^W 1 ^. °1 ^ ^ °W °1 

^ r}s. ^jofl ^fl^-jz. °lr w>sL $H 

^.JL, ZL A>o]oll z\}3^ tWI 5M. 3Lth ^ 37lfe 

^ ^ t^^^- <%-5}o] o^S^t}, SL^^l^ ^-^ *1 

<21> £ 1^ W}^*!: ^*HH Sflti.^-3fl^ ^2:^ ^7>^ # 

< 22 > £ 1^- %V 2: ^ > M. 1^0) ti}5i-2l*V ^Al^cHl af^ 5fl tLe)-3xfl^ 7-2:2] ^ 
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^ 4^ 7>*£ €^TT, ^ r^P^S ^ ^l^f 

4| 7^(180)4, 7l-gr(180)4 ^ 71 31 ^H^H 

« 7^(182)4, SHf 71^(180) £ W 7^(182)^ <&£*l| 71^(100)^1 *1 
^l^>7l W ^ 4^(155) ^ 7W180) £ ^ 71^(182) q^o, 
?|o S ^H*>7l 41 tb ^^-sflS.(140, 142)1- i^-tt^. 
t> ^>Jf 7-1^(180)^ «>£*fl 7m(100)^l tfl*H ^ Tie} ^-<#£H 5^, 

^ o. cg^dsOoH tfl-g-isHr tiVH^ll 71^(100)51 ^*Hlfe ^-B- ^tb 7fl^ 

(130)71- ^wl^H 

4> ^ 3fl^(140, 142)^ AA ^ 71^(180)^1 sl^ 13 !^ ^A^AA &7}^<LsL 

<£*ZS\JL, ^ 71^(182)^1 a^H^Sl ^3^4 &7)A<LS- 91^.^. 
5> *>Jf 71^(180) £ W 71^(182)^ ^3. rfl^SlTll ^fll^^, ^ 71^(180) £ 

aV«- 71^(182)^- 31#*§ fSf 5Hr ?H w}^*}4. 
:6 > *J a o v«. 71^(180, 182) ^^1 ^ ^21^^(170)4 «K£*I1 7^(100) *H 

oil ^^(104)ol ^l^M, W A o VJ f 71^(180, 182) ^^^1 #5^1 

71^(100)^1 ^#35=^- 7fl^£l^ 

27> ol^HlA-1 ^M1*>7H "7fl5l ^^7l^-(180, 182)£r ^ *V 

jc^ >^*y (155H1 ^fl^sl ?£^1 ^Hl^^/^Sl^- ^ ^ ^ 

(180)4 ^ 7l^-(182)S <^<>1^4. ^71131 7^(180, 182)^ A% 
« ^51^-^(170)4 ^ ^el^(190) ^Hl ^^-(UO, 142H 9l7\s\^ *d 
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«?H o^H ^^7l^5.S. °13 7j3]* ^Afl^-Xl 3^tf ^ 5£^r 7}^. #5^) 

71^(100)4 ^ ^3^(170) 4°Hlr ¥ ?1*(180, 182)* #51*11 7^(100) 
C_^Jf ^-^a]^ s.^^ afli 104)^1 ^13^, W ^51^^(170)^ # 

Jf ^^(190) *}°} °fl ^ ¥ ^^Sl # ^ ^ ^*fl 7^ Tl^Kgap) 

2:^-8- *fl2 S]^ ^^-(116)^1 #51*11 71^(100) 7fl^(130)l- ^> 

^ ^-e-(160)S.^ q-^r A^A^^ ^15l^-(164)^r ¥ 7^(180, 182)* ^4 

£ ufl ojz^ ^ 7i*(180, 182)51 nli 7^ *lH» 4^* 
S. €^^^V°^ ^-n-(162)ofl *l^Kr ^if 5H^. 

?> £2 vfl^l £ 19fc Sfly S|-3fl^ ^2:^1 ^7}^ % *||2:*Rr 

* ^^^ 7 ] £ Aitv £ 2 ifl^i £ 19^ £ 1^ i-r ^sl- 

9 > £ 2 » #2^, °^^r #5131 7W100H 1^ ^* 1 # 

^(102)* 1 -&3W102)£: 6000 A £51-^ ^^1^1^- 

<g ^51-^(102)^ 950°C vfl^j lHXTC ^5151 £51S ^ ^ ^tf. 

^VSadl 71^(100)^8: 350-400 w 35=3 ^1» #fcth #51*11 7^(100)^ 7^ 

B0 > s, 3^- ^-2^, 1 #5^(102H ^€ #51*11 71^(100) ^^l ^11 ^ 

gj.n1-( 10 4) o. t^^t}. ^1 5}^ ^2]-^-(104)^r 2 ~ 3 ^ ^Sl^ ^§^Kr 33 °) 

*)U Sl^ ^51-^(104)^ 1.5 Torr ^513} ^ , 300 °C ^ 
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co] ^£o|)a^ 15 seem ^HS] SiH 4 A^, 1000 seem N 2 0 7}^ ^ 600 seem ^ 

5.31 N 2 2:^r^ PE-CVD(Plasma Enhanced-Chemical Vapor Deposition) ^-S. 

<3i> *)U S]^ #sWl04) A oHl SEfe ^11 ^^^^(106)^: ^ 

3>*V4. ^]^^nv(i06)^ ^ ^-4, ^l^^fl d = (2m+lU/4n (m= 0, 1, 2, •••) ^ 

o. ^2|-wvni-(^^3.nv)^ ^- ^1 -*3 3 S-^K 106 ) 280 mTorr 3) 5.^1 

<&^, 625 °C ^r£°fl^, 140-200 seem SiH 4 7>>i» 7l~g-f>H LP-CVD(Low 

Pressure-Chemical Vapor Deposition) »^<LZ. ^ Sl^ . c|-M , 

^^(106) 5.^<*H ^#(P0C1 3 ) ^(doping) iE^f 91 
(phosphorus) ^ °l^<y(107) 
< 32 > £ 4# ^^r^, *fll ^^(106) ^Hl ^]1 ^Sl^ ^^(108)# ^tb^f. *11 

1 ^^-(108)^: -^^4 -M-^ 3# isr^f 7^(180) 

^j^- ^o-)c)-. *)]i -^VS^C 108)£r ^ ^Ml, ^l^i^ d = (2m+l)A/4n (m= 0, 1, 

2, -)7> 5)5.^- ^SV^ tiV^W. ^^^1, A ^ ^Q^, n^r 

^avttvnv(^^3. A>5l-n]-)o| jg- ^^^^ M-B}-^£4. afll ^sKKlOS)^ 350 mTorr 

cy-s^ 7io~720 °C ^£^1 ^ri^H , 200 seem TEOSCTetra Ethyl Ortho 

Silicate)* 7>-g-s>^ LP-CVD(Low Pressure-Chemical Vapor Deposition) *fj-^ 

<33> 5. 5» #2*3, *U ^^(108)% sflE^*H ^1 3fl ^ 

(108a)^r ^tr^. *\U 5fl^(108a)^r <3<*[(i50)^r <^m 
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cfl> yjo. cg« (5L . 150 . %s,)9\ ^Efl7> 7}^ ^-f , afll *3^€- ^>s}- 

B> 2flE4(i08a)H ^ <3^(150)^ ^th}. 
;34 > £ 6-i: %^\^, Al sfl^i(108a)^l *§>8€ #£*H ^(lOO) 

^ ^2 ^^(110)^: ^^4. ^12 ^^(HO)^ ^ ^-n, d 

= (2m+l)/l/4n (m= 0, 1, 2, •••) ^ v *Rr ?M « r ^^r. ^7] 

d^r ^^^), n^r ^^(^12 ^B^V)^ # 

^2 ^el^^-(llO)^ 280 mTorr , 625 °C ^£^1 ^SL^M , 140-200 seem 

SiH 4 7>^1- A}~g-*H LP-CVD U-^^-S. ^ 5M. 

< 35 > £ 7^- ^-2:^, ^12 ^ ^ ^(110) ^Hl ^ n^l^ *fl2 112)^ 

^a}-^. ^2 ^sKHll2)£- 1^ d = (2m+l)A/4n (m= 0, 1, 2, 

...)7> ^*Rr B>^*>cf. a}7H d^r , ^ n£r ^ 

2M*tq-(^e|^ AV^)^ % #^1:^ M^W- »12 A];2|-^-(112)^ *fll 

< 36 > £ 8^: A2 ^^-(112)^: sfl^N^H A2 #z\r^ ^ 

(112a)^r A]2 ^A^r ^^(112a)^r 7^ ^l^tfl, 7] 

^ ^^(SL 1^ '150' ^Bfl7> ^51 7>^ ^12 3fl 
€(112a)£ Tl-i: <3<*j(150)^ *§Bfltfl5. ^2:3. ^tt^. 

< 37 > ^ 9 ^ ^a^, ^12 ^€(1123)^ ti>£^l 71^(100) 

^]3 ^2^^(114)^: ojojAl, ^71^ ^-|- ^^(114) S 

^1 P0C1 3 5L*3 iEfe ^(phosphorus) o]£- ^ ^.^( 115 )^- 

32-12 



1020020078443 #3 2003/1/9 

<38> ^-Sg, ^Sf^ T 1 ^^ ol^^^lfe- «V-T- ^^(180)^1 # 

tilA}^ ^o]7l ^3 ^^(114)^ %^\7\ ^ 

<39> £ 10^- #2:^3, ^ 7^(180)^ ^> VJ f 7^(182) % ^ 

7] <^}cr) *\} 2 ^3^(116)1: ^ nMIS f^^}. ^12 ^^-(116)-$: 

o] 7} s\^ ^oj-ofl 4S. ^^^ofl ^^>^ 7] 0.(182)3^ ^ 7^(180)?!^ 7] 

El* ^Hl: <r 5^ ^S.^ ^1, afl;£tfl 2 - 3 Mm ^S.^ ^MIS ^*Hr 
3*}th ^12 ^^8: 3 Torr #3, 300 °C ^S.^ £5>1M , 60 seem ^S. 

2] SiH 4 7>i, 1000 seem N 2 0 7r^# ^r^S}^ PE-CVD(Plasma Enhanced-Chemical 

Vapor Deposition) l^t ^ 

<40> 42 s\*g ^Hl 7l-ir(180)4 7 A% ^ ^ v 

7l-ir(182)-i- ^^tr4. °1*HH, A o Vi f 71^(182)* «§^SKr -£^tr^. 
<4i> £ 111; #2:^, ^ ^14 ^21^(118)^- ^n*\JL, &7}A -f-^i-i- 3 

*fl4 ^^€-^-(118) P0C1 3 JEEfe ^1 (phosphorus) ^ ^ ^ 

(119)# ^*8^-. *fl4 ^^^(118)^8: ^ 7^^(180)^ *fll ^^^^-(106)^ 

< 42 > E 12* ^4 ^e)§^-(118) *fl4 ^51^ ^r2r^ f^fr ^ , sfl^l 

^S}-^- 3flH(120a)l- H^tr^. #7l ^4 ^-g- ^VSr^-Sr ^1 ^ 

^ 4^i(120a)^ 7]-§: °$ ^ (5. 1^1 '150' %^)lr ^tr^k 
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:43 > £ 13^ %3i^ > *fl 4 xy^uy- 3flBi(i20a)^ 71^(100) 

^^^^-(122)^ ^15 ^51^(122)^ 7^(180)31 7fl2 

(110)4 ¥ ^tt ^Ml ^ ^^-5. ^^Kr w>^*W. 

c44 > £ Ml- ^-2:^, ^5 ^e]-§-^-(122) *fl5 ^sKKgr 4^", 

^^}cc] ^15 ^5l€- ^s}-^ 4€(124a)^- ;*fl5 ^s}^ ^12 *3 

^3. AV5|-n]-(112)a2l- ^^Hr 3 °1 «>^*>4. *fl5 

(124a)^r 71 -i: <3<*(5i 1^ '150' %^)-g; ^^4. 
< 45 > £ 151- ^5 ^5}€- sfl€(124a)^l #£.*H 7^(100) ^Hl 

^6 ^S]€-^-(126)^r f^*}^, P0C1 3 S^S ^(phosphorus) -f-^ °l^r^ ^ 

(127)# ^6 ^^(126)^ 71^(180)^1 *fl3 *3 51^}- (114)4 ^ 

<46> *V^, ^5}^- ^Vs^o. 5. ol^-o^l^ ^ 7]-i-(182)2l ^ ti}^^^r ^ 

0)71 ^*r<*l ^6 ^51^^(126)^: ^^*}7l ^ofl 3gSLd\] ^ # 7 1 *l#tr ^4 ^ 

<47> £ 16-i- &^}^, 71^(180)2] ^3 ^51^(114)4 #7l3il5. ^i^fe ^ 

q-sfliELCSL 121 '140' #2:)» ^*>7l #^^4 ^^^0.5. ^ 71^(182)^: 

oI^tt ^ el ^^-(126, 122, 118) ^ ^12 ^^-(116)^: ^^4. #5^} 

7] ^(100)4 ^ ^z]-Al ovig ^s^-^ iS*>7l ^ *V iLS ^Sj-^K 128)^1: • 

<48> £ 17^- *K&^1 7)^(100)^1 ^^g; ^izv^l-nl-. ^ y 7l^r(100) 7} 

^1 #^-fr ^ 711^(130)1- ^*Rr ^Sell^^E sflTg-g- ^^*>JI, ^-71 
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S£ 5^1ae sflU^ ^51*11 71^(100) 1 #3-^(102)^ 7fl 

^ 7i^(i8o) *m ^>^hio4) ofsii^i koh ^-s] 

ofl^. A>-g-^V^ ^H^-i" ^^q- S£r ^-s-^l^r^l^CDeep Reactive Ion Etching; 
Deep RIE) °.S ^-R-(160) W 7fl^f(130)» ^7) ^ 

oj^AizV-^ ofl^tfl SF 6 7>i SEtt C 4 F 8 7>>i ^ ^j-g-fVcf . 
,> E 18 ^. ^v 2: ^ ) QS.^ 71^(100) ^S-fr ^ S3 7fl^f( 130)1- 

*l5Ln 71^(100) S^l ^ ^^-(128)^: ^l^tb^-. ^16 

^■(126) ^ *H3 ^^^^(114) #°fl ^^JI sflE^^H ^^(UO, 

142)1- ^4^(140, 142)^ ^ 7^(180) ^ ^ 7^(182)^ ^ 

^3.^-4 ^7l^AS , ^^(140, 142H ?A<S^ 9l7}-&°-3.^ ^ 7^-i: 

(180) ^ ^ 7^(182) ^M^l ^ oicf. 

o> 51 19» , ^3^4 7 A"t € ^ ^ 4^ ^ 

(180, 182)^ £ 14H^ ^ % ^ 71-1: ^ 5L<$<L3, JOLS^ZLH^ ^ 

o. jg.^ ^cj^u}-. o]^a^ ^^^^(155), ^ £^ w> Sfe ^5.^1 
7i-§: 3fl€^r ^^}7l ^71 SSefl^^S ^-*<H £}*H ^€ ^£^1^1 

3Zfl^^- ^-g-^ XH s]^ ^>5l-^(104)^ ^fl^l £^ 

^Vl}. ^» ^^>Br SFg Sfe C F 4 7>^ ^>^H ^^>^, 

AV^ni-^ C p 4 7 }+ ^ CHF 3 7}^ A>-g-^c^ <^z^ ^ $£4. 

5i> E^g-ofl, afl2 ^5^(116) 31 afll sH ^^-(104)^ <r*\ 

^4 S^r ^ IrSK^C anhydrous HF) ^V-g-tr ^ ^(gas 
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phase etching; GPE)J1£. #7] ^ *W $ ^ W± ^4 

^H3* ?M£S 7l*(182)4 ^ 7l*(180) A>olsl afl2 ^^-(116)01 XI 7l 

sH % ^ ^Tj^l ^^H, atb ^ 71^(180)4 t&EXl 71^(100) XI 1 3 

<+^-^-(104)S. 7fl^-^-(130)« ^ 7l*(180H #51*11 

71^(100)^1 

7>^m tt o]^^ 7l*(180, 182H ^^^^.S ^slfe sfla.el-3jl^ ^S£l 4^- 
7>^ # ^El# 4^ *r 9X^r. 
> ^Hf 7l*(180) ^ ^ 7l*(182)* 71^(100) ^Hl ^*r*l °> 

u)*>JL, *HjS- 7l*(180) 71* S^^U ^(140) £ «j* ^ 7fl^ 

(130) *H ^^(104) XI 71 ^3* SH^l HLfe ^ ^A5L*1 ^ 

5(1 oH( spacer)** °1**H ^ #3* ^ ^SLTfl 3^*Hr HTO 

0.5. sfly 5l-sfl^ -^2^ 4^-7}^ # ^e-1» Xl^m Stl^. °1» 3* ^Xl^^-S 
^4 23-. #51*11 7l*^i 7}** ^^17171 W 3^ #3^* ^ 

°H, ^7l ^S^* ^§^1-71 #7] #51*11 71* <#^°11 1 

* °H^, ^7l ^SK V ^ofl H^c^ ^2l^^> ^ 71* ^ 

o_ ^ o| ^ Af^nV Sfl^^ 51^^ ^el^"^* 

7^0. ^^^4. cf*ofl > ^-71 #5131 7l*Sl ^* ^l^V^ ^°d* ?fl 

^» ^^W. O^Al, #71 71* #Zj* ^^^0.5. XH^>7l ifl^ ^l^^^l- 

^^W. Cl-M, ^>7l 71*^1 ^^1 SI tfl nim^ ^H^" ^71 71* ^ 

^Sl ^Sl^^* ^o V 7l 51^ ^BVol i^#S]7ll ?i^l ^l^tb^. °1 °1 A i , A o V 7l 71*^1 ^> 
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7l ^VH3(|| 4^1 ^-44514 §V7l 4*H #4 34 444-i- 441*4. 444^5- 4 

7} 4^« 44 4 51 4 27H ^til^i, 44 tiV;£^ 444 4-§: 0 l 4^riL 

+ ^o]x\^ 4*-4"4^ ^S^l 447>4 % 44» 

4^-44. 

<54> att, 44451(140, 142)^ 44 4^f 4^(180)4 44^44 ^4^-4 4 4^ 

71^(182)^1 44-^44 ^ ^T2H| ^7l^i 4^44 ^4 2:4% ^ 45l4, 

4-E: 4451-5L4 44^ 44(100)4 4^f 4^rU80)# 44^44 4^" 45i» 

tg^4-<r| 44(100)4 4^f 4 ^#4 44"# S4«"5>-5.4 4^ 4 4^ ^1 

4(182, 180)44 4^4^hi: 2:44 $14. 
<55> g^, 4^- 4^(182) 4 4-*r 71^(180)^1 3.^- 44^4(155)4 44 444 4 

4» 451^- 4445$5l4, 4^ 4-§r(182)4 44^r4(155Hl 4*11 444 4£ 

^44:2 4^- 4-i-(i80)^ 4514 4#(ioo)°ll ^f4444 # 444 4^4 

^^o] ^ ^BflS. *§44 ^£ 014. 4^t°1 44^4(155)4 444 ^4 

m. £^ o,^ 444^ 44 44# 42 si 4 444(116)^1 4444 ^ 

*3^-5L5.4 42 sl4 444(116) 44 ^, 4^ 4^(182)4 44^4(155)4 444 

4514 4fe 3°1 7>^44. 
[444 S-41 

<56> ^x^oii 444, 44^- ^H^cHl 4 ^4#4 4°l7> €■ 44 €-4(1-4 
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^ olcj. i^^-g, o]nl 5}-^ 71^-71^-1- 5. 

^ *H1 7}^- (surface micromachining)7l^S*l 7}^}JL, ^1^2: ^ 

< 57 > ^*>^, ^5L^1 ^8 4 °1 -8-^.5.*) 7 1 

^.o. A>-g-«>^- <H^*<H 7>^>^, «K£*11 IC M^AS $ 7l^ofl 

<58> o)^ t M- W}^^ ^Hl» ^^rS^M", ^ <$7] 

^ahh *v^sq^- ^ o>q^ t £ 7l#^ a}.^-^ tti<McM # ^ 

2] 7]±\^r 7>^1 *H 2)*}<^ <^Z\ 7}*] 7}^}^. 
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71-ir; 

^71 71* g ^"71 ^ #51*11 71^ <3^M *1*I*M flfc ^ 

^-71 ^ 71* g ^"71 ^ 71^ A}olo] O.S *H«V7l flfc ^1^ 

2] 

3] 

ol^-ol 3\WH 
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4] 

^/*fl2 ^SWSl^Sl ^13 ^Ej^H £*}*o.5L ol-o!^ ^ ^ 

[3^* 5] 

o^Vo] ^£)jL 3^41 5=^^ ol-^^l ^ ^8 a_S 

6] 

^^^^ (2m+l)^/4n (m= 0, 1, 2, -)(^7H, ^ # 
n^r ^e]^^ % #^-§:^)ol 3^ ^1* ^ ^ 

I^T 1 * 7] 

*1U1MI &<>H, -SM #5^£r (2m+l)A/4n (m= 0, 1, 2, -X^H, ^ 

* Slfe ^11" ^€ 2 ^ 

8] 
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JfL^S^ o Xjl> 71* ^^l tfl**Hr ^71 tiVS^l 7l^Sl ^ofl^ ^j-fr 

#<a* *m 7fl^7> -^i^m 5a^ 3* ^ 7 V^ % 

10] 

^jl-^-ofl flo^, ^71 ^ 71* ^ ^-71 ^ 71** AlS. tfl^^Tfl ^13^, # 
71 <5>^- 71* ^ #7l 71** ^2:* 3* ^-S-S. *m A^A^- # 

11] 

*fll%H spf 71* g 7l*oi ^71 ^=H1 51*11 «8 

Hfl« #5=* ^71 ^ £ 71* ^-71 «VH^ 7)&o] t#Sl£^- 711 

ol^ ^o- ^-^ 4^71-^ # ^Bl. 

[^Jt 1 * 12] 

^11^ 5U°H, #71 #* ^ >7 1 ^ 

#71 tfJfL 71* ^^1 <3<3* #71 Htf- 71*5] ^ <8*H ^#51^ 7fl^M 

^-^ A^7}^ % 

[3^*8" 13] 

(a) #51*11 71^1 <5>^f 71** ^-^17171 W 3^ #5^* *§#*Kr 
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(b) #7l *fll 3*3 #^ #41 £ 7l* #3- 
^ «* ^V^^-S ^% 5L*d^2) ^^H: ^ 

*te #31 ; 

(c) #7i #<*n A2 ^#*Ur #31; 

(d) #71 #5^ #«ll ^sl€-^ ^ 71* 33*Hr 

3fl€* 5L^3 #el^ v * 3^*H #^ ^*Hr 

#31; 

(e) #71 #51*11 71 ^ ^#* ^l^H ^ V ^*Kr 

#31; 

(f) ^71 ^ 71* £ #71 #^f 71** ^H*>7l W #^^» 

#31; 

(g) #7i #^- ti*oi ^^i it^i ^^i« # 7 i w ^ " 

^oj ^^-fr Aj- 7 1 sl^ #Sl-^ol ^#£1711 ^ *]^Kr #31; £ 

(h) #71 ^ 71*4 #71 #^f 71* A>oH # ^ ^7i* ^^uL #71 ^ 
7l*ol #71 #51*11 71 ^«3=^H^ *>7l #71 afll 51 ^ #^ £ #7l 3l2 

#^* ^l^Wr #3l» il^Kr 3* ^ 4#7># # 3lS 

14] 

*I|13*M Si^H, #71 (g) #31 * #71 (h) #31 ^H, 



* 
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#71 ^ 71*61 ^^ofl *fl^l *§Efl» #71 4H2 ^ #w 

g ^-71 ^ 71* ^^M: #71 ^1 5^3 #S^°1 ^#51711 *H *m*Hr 

c]-^^ C-l ^Wfe 3* ^^-S ^ 4#7>^ # €^51 *fl3^. 

*m#M #71 m ^ ^12 349 #si-^ -m^m 

#&t^9] #z^- 4- 517} Bum !:# -§-<*!* ^>-§-^r ^# ^ ^ ^ IrSH^l" A >^^ 
16] 

*I1131M1 &<>H, #71 ^Bl^^r (2m+l)^/4n (m= 0, 1, 2, -K^H, A ^ % 
^4#, n^r ^sl^Sl % ^^*°J)°1 3^ ^8*-5L 

17] 

*fll3*M SM*!, #7l #5}-^£: (2m+lU/4n (m= 0, 1, 2, -)(^7l X\ , ^ ^ 
18] 

^lmni si^h, #71 *m sh #sK v -a- *h, #71 #5^1 71* 
o\) 1 *§#*Rr ^Tim i3i s^sh? 3* *3-s.s ^ ^#7>^ * 

*)12^. 
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1020020078443 ^ 
[3^8- 191 

4131H1 fl<>H. ^7V ^ *§#*Kr #4^, 

#7l 4l #3-^ #4 41 ^*H=- #4; 

#7l 41 #4 *U i^H* ^ - ol 33 

^ #4 ; 

#7i 41 ^^m^- ^ 41 #4 42 ^*h=- 

^4 ; ' 

#7l 42 #4 42 #s^-m- 7^ *«3\§ 

^-fe #4; ^ 

#7l 42 £ ^71 42 #3^ #4 ^3 -gi^^Mr 3 

^4* SL^Hr ^ * ^3 43^. 

20] 

413^4 &<H*1, #71 *8^*Hr 

#71 XII 2 #3-^ #4 4i ^€-^1- *§#*Kr #4; 

#71 4l #4 4l ^. ^ - 0l 3335=^ 

^4 ; 

#71 4l ^21^ £ #71 41 #4 ^2 ^^8: 

^4; 

#71 42 #-11 42 #31-^ ^*M& '71* <^ 0 1 

*Vfe #4 ; ^ 
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21] 

(a) *KE*ll 71*41 7j£-& ^-^17171 W #3-^ *§#*Hr ^^1; 

(b) #7l #SK> #41 5=^3 ^3^- g ^*Kr *l 
^ ^^31, -M^* 3**H 7l-i;# *§^Rr 

(C) #7l 71*21 ^-fr #Z^H ^ 7fl^» ^#*Hr 

#31 ; 

(d) 71^ ^^^^.S. ^H*>7l W ^sflH-* ^*Hr 

(e) # 7 ] ^c.01 ^6\] ol*fl ufl^l ^Hfll- ^ #7l Tj-fr ^^1 ^ 

artf # 7 1 sM3 #3)-^i ^#^1 Ti^l ^l^Vfe- ^741; ^ 

(f) #7l Tl^ol #71 «V5L*I1 71*41 ^-^H^- ^>7l #7l ^ *3 #5}-^ 
^IZ^Kr ^-^1» i^}5l , 

#7l (a) ^} vfl^l #71 (f) 7]%. *}51*)1 71*^ 2711 ^l*}n, #71 

^1 71*^1 7\±o] *\sL v}^&5m i*M*l** #«g«H 3^«Hf 3# *Vtt 

22] 

^121^41 Sl^H, #71 3^ #2}^ ^^Hl 3*3 *\ 

z| ^H7> i«l-€- ## -g-^-i- a}^-^ ^ ^ l:2Hr4i» 7l# ^1^- 
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231 

^121^-ofl 91°]*], ^7} ^^^^ (2m+l)A/4n (m= 0, 1, 2, ...)(<^7H, ^ ^ # 
13^8" 24] 

*]1211MI Sa^i, ^Vsl-^ (2m+lU/4n (m= 0, 1, 2, -)M7H, a 

25] 

*fl21*M 9X*\*\, ^ ^VS}-^ ^^*V7l ^71 71* <#^1 1 

26] 

^21%H] 5^^, ^-71 71^ *§^Hr #31^, 

^71 ^<H1 *U ^^^M: f^Kr ^7^1; 
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^■7i xi 2 ^em^ ^ siiE^^ xi2 #<*n e.^^ xi3 ^^-a- 
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108a 112a 
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108a 112a 



[51 111 



I \ 1 M M I K 




108a 112a 



[51 12] 




108a 112a 120a 
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[51 13] 




108a 112a 120a 



[51 14] 




108a 112a 120a 124a 



[51 15] 




108a 112a 120a 124a 



[51 16] 




116 108a 112a 120a 124a 
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[5L 17] 




116 108a 112a 130 120a 

[51 18] 




116 108a 112a 130 120a 
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